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s HELIOS MERGE TAPE-HOUR AVERAGES-PLASMA AND MAGNETIC FIELD

JUNE 10981
6250 9Bw=YH 6 . 21328
I) Description of tape - “9-TRASK+800-BPI, RECFM = &, BLKSIZE =287
Tape is NL

LreclL =241
andinteger 32 bit-words— There

CONTENTS OF TAPE

Word " Type Description

1 I*2 Number of the particular physical
record within the sequence of
physical records comprising a
logical record. 1 in this case.

I%2 Number of half words contained in
‘ the physical record on the sequence
minus 2.
2 I%*2 Quality indicator. =1 if no mag

field data is in record ¢ if mag
data is high bit rate. 1 if mag
data is low bit rate.

. I%2 | SPACECRAFT I.D. A or B.
3 I%2 YEAR.
I*2 CALENDAR DAY.
y 2 Hour .
I*2 Minute.
5 R¥Y4 7 Radial distance from sun in AU.
6 R¥*Y S/C Carrington longitude (Deg.).
7 R¥Y S/C latitude Carrington (Deg.).'
8 R¥*Y - Proton speed (km/sec) (Vp).
Q R¥Y4 ' Temperature (proton) (Tp) (1000°K) .
10 R*Y Proton density (cm-3) (np).
1 R¥Y Elevation flow angle (ao).

12 R¥4 Azimuth flow angle (¢Q).



13
14

15

16
17
18

20
21
22
23
24
25
26
27

28

30
31
32
33
3y
35
6
37
38

R¥Y

R*Y

R*Y

R*Y

R¥Y

R¥Y

R¥Y

R¥Y

R¥Y

R¥Y

R¥Y

R*Y4

R*Y
R*Y
R¥Y
R*Y
R¥Y
R*Y
R¥Y
R¥Y
R¥Y
R¥Y
R¥Y
R¥Y
R¥Y
R*Y

R¥Y

a-particle speed (Va) (km/s).

Temperature ¢ (Ta) (1000°K).
Density a (na) (cm-3).
<np Vp> (cm2/S)_1.

No data. |

No data.

No data.

No data.

No data.

No data.

No data.

AV (Standard Deviation)

AT (Standard Deviation)

An (Standard Deviation)'

Aa (Standard Deviation)

A¢ (Standard Deviatién)

AVa (Staﬁdard Deviation)

ATe (Standard Deviation)

Ana (Standard Deviation)

&V (Standard Deviation)i

No data.

No data.

No data.

Number of Carrington Rotations.
XSE: Field Component.

YSE Field Component.

ZSE Field Component.



2 2 2,1/2 _

SE
m o R¥Yy Elevation angle at B.
,'-l.?»._-_~ R®Y -~ Longitude at B (¢ = O toward the
: : : N &ln) . . :
'43 ) | R¥Y Average of intensities = B
o : . (No data).
Ly I*2 Number of vectors contributing to
mag average.
I%2 . No data.
N R¥Yy Transversal field =
' 2 2,1/2
(XSE + YSE ) .
46 R¥Y Standard deviation of B.
y7 R¥L Standard deviation of B.
48 I%2 Flag = 1 when we had hourly averages
: as input to this tape's mag field
data.

= 2 when we had to choose between 2
senl-hourly averages.

I*2 Quality information (0 for good
: data, 1 for doubtful data).

If there were no data, 1nteger words were filled with -1 and the real words
were filled with -1.0000.

1
’
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nEC 12 1973

HELIOS-A
EDR
ORB/ATT LABEL

FORMAT

This label will preceed all files on the ORB/ATT EDR. The label
will consist of 78 characters.

Labels will be written in IBM BCD tape format, odd parity.

12

24

27

31

38

42

49

54

57

64

68

71

74

717

-

7 + Space
11
23
25 Space
29 Space
36 Space
40 + Space
47 Space
52 Space
55 4+ Space
62 Space
66 + Space
69 Space
72 Space
76
78

International Code

Tape Type (ORB)"

Spaces

Year of Recording (last 2 digits)
File Start Time (DAY)

File Start Time (HHMMSS)

File Stop Time (DAY)

File Stop Time (HHMMSS)

0/A Master Data Tape Number

O/A Master Data Tape File Number
Date O/A EDR generated

O/A EDR Run Number

O/A EDR File Number

O/A EDR Reel Number

Experimenter ID

Spares



144.
145
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.

161.

. 162.

-
|
b
B
!
]

HELIOS A
ORB/ATT EDR

First Row (A A 3) of the

12

Second Row (A ) of the

22

Third Row (A A, A33) of the

First Row (A A, A13) of the

Second Row(A21 22 A23) of the

Third Row (A A33) of the

32

Spare

PAGE 5

WAy 54 1924

Matrix from S/C

) 8pin Axis - Sunline
Coordinates to

Heliographic Coordinates

'\
Matrix from S/C Spin
Axis - Sunline
[ Coordinates to Solar
‘Eeliptic Coordinates
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2.0 Exneriment‘ﬁata Frame

The length of an EDR for Rate Data is 128 rate blocks. The cycle

. -
can begin with any rate block readout containing line 1 (ID=1 and A B

C and D=0) acd ending on line 15 (ID=1 and A, B, C and D=l). During the
128 rate blocks, the unsectored and sectored Fate seduence it bifs (L5 2,
DS 3, and DS &) will cycle through all 8 possible positions.

Interspersed between rate blocks are the PHA blocks, identified by a
"zero® in bit 48 of each block (ID=0). Although each PHA block contains
all the information perctinent to each individual PUA event, a statisticczl
compilation of these events is necessary. Therefore, all Pili blocks con-
tained within the time interval defined by the rate data cycle above chould

be processed to yield histograms for each PHA quantity.

2.1 Description of Experiment Data Blocls
2.1.1‘ Rzte Data Blocks
The organization of Rate Data Blocks is shown in 2.l.a, andmis
distinguished Irom PH4 blocks b§ bit #43 alwaysl= 1. Eoch counter is desig-

nated in Fig. 2.1.a by the entries S-X0(1), R1, B2, cuv &7 =070, IR-T(1)
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etc., and are readout in the sequence shown. Eact
counter as follcws:
S-XR: T:zese are the sectored x-ray counters. The number in parenthesis

indicates the sector number relative to the x-ray axis off-set value. Each

1 1
x-ray sector is eitheréaﬁg oT 1024 of a revolution, dependivy ca tne 5773
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t, (DS-7. line 5 only).

R1, R2, etc. These specify unscctoved rate counters. Tlere are 27
s=ch counters, and each is commutated, or sequenced, between several dif-
Zerent rates as shown in Figure 2.1.b. The commutator position for each
readout may be designated by the letters a, b, ¢ ... h correspoading to
the value of the Unsectored Rate Sequence ID (bits DS 2, 3, and 4 of lines

2,3, 4, 6,7, and 8). These bits are shown in Fig. 2.1.b. as A/E, SEQ. 1

and SEQ. 2 respecitvely. For example, R2 which is readout in Rate Vord .
-+ of line 5, is shared between two different rates from the EET or E7a.
wnen the A/B bit, as readout in DS-2 line 2, 3, &4 is‘zero, Rate Word 4 line
5 contains R2A, which is the number of times the coincidence condition
A:z;BCIII was detected. The next following readout of lime 5 will specify
A/B=1, and Rate Word 4 will contain R2b, or the number of times A BXzCIII _ -
was detected. 66/
As can be seen from Fig. 2.1.b, there are @nsectored rates including
220, the unsectored x-ray rate (USXR). This number may be verified by
noting that Rl is used for only'one rate, R2-R9 and R11-R13 are each used'
-for.2 rateé, R15, 16, 18, and 19 are each used for &4 rates, and R10,
R1%4, and R17 are each used for 8 rates.
Special attention must be given the unsectored rates R1, R9, Rl4,

and R17 since these are not readout in a single line. Each requires 3 "

consecutive rate blocks to complete its readout since each rate block con-

(99 ]

tains only 4 of the 12 bits necessary. For example, rate block bits 37-40

ir lines 2, 3, and 4 contain the 12 bits of R9 znd bit 42 (£5-2) identifics
whether it is R9a (DS 2=0) or R9b (D52=1). RI14 and R17, which are readout

- ia lines 10-12 and 14-16 respectively, are cach skore? burveon eight di“ferent
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Sre .

ra:es."The unsectorced Rate Sequence ID bits in the preceeding line 2
(cr 3, &, 6, 7, or 8) must be used to identify the commutator positi

2> not use the sectored rate sequence bits in the same lines as the RIO

SR1-(1) -etc. These specify sectored rate counters and the number

o,

iz parenthesis specifies the 45° increment during which counting is allcwed

iz each counter relative to the roll index pulse SPY. Each set of SR

.

counters is commutated among several rates as shown in Fig. 2.1.b, and the

commutator position is identified by the Sectored Rate Sequence ID bits

in DS2, 3, and 4 of lines 8-16. For example, Rate Word 4 - line 9 contains

the number of times a given coincidence condition was detected during the

ty

is determined by Sectrced Rate Sequence ID tits; Lf thoac b
DS3=DS2=1, the commutation position is 3 and the rota is SRlc. Figvre
shows that this rate is DI DII E, F.

2.1.2 PHA Data Blocks

irst 45° of revolution following the SPY pulse. The csincidencr conditic

The PHA data blocKs are shown in Figure 2.l.c. Each 12 bit PHA

cata word represents the digitized amplitude of the pulse from & given

detector during a specific instant in time. Incoming char

dition which initiates the pulse amplitude analysis. Secverzl additional
5its further identify the particle by specifying the look orientation of
the telescope at the time of arrival, which of several ccincidence con-

citions initiated the analysis, how far into the stack of detectors the

e —

ci e

e —



particle penetrated and other non-related housckeeping bits.

The tag bit assignments for HET and LET PHA data blocks is as 1ol-

lows:
DATA CONTENTS
Tag Bit HET (Bit 47=0) LET (Bit 47=1)
T3 "~ Sector ID (22) Sector ID (2?%
T4 Sector ID (2!) Sector ID (27)
T5 Sector ID (2°) o Sector ID (2°)
T6 Nd+§§b Event Type Code (2( 4 Event Type Code * .
T7 vent Type Code (27) PRIORITY Rrilk
T8 .CITI Range
T9 Priority Rank Bit S1
T10 Priority Rank Bit S2
T11
T12

1

Each PHA data word specifies the amplitude of the vulse in a specific

cdetector as indicated below:

PHA Data Word HET (E7a) LET (F7¢c)-

T
Word 1 A when H Tag },(f =
crrzr " " =07 DI
1 , Word 2 B DIT
1 Word 3 "+ . CIHCII E

”
4

The event type code (2 biﬁs for HET, 1 bit fcr LET) specifies which of
several coincidence conditions initiéted'the analysis. IET Tag T-6 is
essentially an_inverﬁed éiII peﬁecfation indicator; wnen HI-6=0, the particle
penetrated through the stack to CIII znd the associated HET PHA ﬁéri 1
contains the amplitude of CITI. If HT-6=1,wthcrparticlc did not rcnctrate
_ - T2 CIII (WhoSé‘odtéﬁé is therefore zecro) and PiIA Word 1 contains the arnlitude

of detector A. LET-Tag T-6 is also a penetration indicator, but includes

azplitude requirements as well. If LET-Tag T-6=1, the summation DI+DII+1.%

-
e




exceeded 0.400 volts. This quantity is designated ID and hence the cor- :

ncidence condition is DIDIIYDF.

-

responding event c¢o
The priority rank bits S1 and S2 are simply a repeat of4Lhe tvo MSL's i

:I the unsectored rate sequence ID, which ére also used in establisiin.

& wariable vanked priority ;ystem. Fir each of the four possible combinations

=2 Sl and S2, théﬁcoincidence evenf type which can initiate pulse height

ezalvsis are re-ordered so that each event types (for HET) occupies the ’

nizhest priority position one-fourth of the time.

2.3 Computations Regquired
2.3.1 Rate Data .
The minicum cyele which will readout each rate at least once is 128 .o

rate blocks. During that time, Rl is readout 8 times; R2a and RZb, R3a

&= R3b, etc. through R13a and R13b are each readout twice; Rlia{ R13b,

Xi3c, and R13d, étc. through R19 are each readout four tim.z and wach

™
-

rr

-

m

way cormutated rate (R10a, R10b, etc.) is readout onze only. Dach . h
Tate cata word must first be converted from its log to linear forn ar- N
zéen-be~addcd“to‘any"previous~r?adoutS‘of the same rate,-naking sure- that— ’
each cormutated rate position. is summed.separately (i.e., do not add R9a~—— -

-
- R

, &nd-R9b together), The accumulation interval may be variable from one
test to another, but must always contain an integral number of complete
rate sequences (128 rate blocks per sequence). At the ead of the accumi-

tztion incerval, each of the sums should be listed on the priater with -he .

corresponding count rate average. The accumulation time for R1 is essentially

o
1

¢ entire accumulation period. The accumulation period for each of the

T2 way commutated rates such as R2a, R2b, R3a, etc. is onc-half that for

Xi, and so on. The period for eight-way commutated rates such as R1l0a

LI e T S SRR




>r R1ib is one-eichth that for R1.

At the end of each 128 rate block accumulation intcerval, the lavpes:
mzmber will be in Rl since it is not commutated. With internal st imulus
turned oo and when operating at 4096 bps, format 5, that number should bz
~.770,000 or seven decimal digits. I{ the accumulation inrerval is loncer
than 128 blocks, the sum will be correspondingly greater. Hince, summation
2 ~107, or 2¢+ (16,777,216) may well be required. The count rate avera:zsas,
fowever, are not expected to exceed 20,000 per second, hence five decimal

* ~
-

- €izits or 2°° is comsidered adequate.
2.3.2 PHA Data
During the accumulation interval, a histogram shtould be formed for
each of the seven pulse height quantities (A, B, CI + CII, DI, DII and E).
Since each pulse amplitude word can be as big as 2'2=4096, a complete set
9 histograms should be 7x4096=28,672 core locations wide. This is impossibly
iarge, and for most engineering purposes 7 histograms of 50 channels each
are adequate. H‘ﬁée, for IST's the histogram routine should count the
cumber of times each pulse’%mplitude word contains a channel numbered from
G through 50. The routine should alsc contain cne additional channel for
each of the seven quantities to count the "overflow" channels, i.e, channel
51 and higher.
Before data is entered into the histogrem, 2 one channel offcet she
Se added. The PHA channel counters is the cuscrimear crs -os t +e at: 10t

4

tence a non-event will readour as 4055

count to the 4095 causing counter overflow to a2ll zere!




event will be recadout as a 1, etc. tence, the amplitude rcadout in cach
TZA word should be increased by 1 before entering into the histogram.
In addition to the seven histograms, a number of tally registers are

required to book-keep the tag bit information. For both HET and LET, one

'

szister for each of the eight sectors should be maintained so thét>a_f5£aimw'
22 the number of HET events in each sector and the number of LET events in
€acn sector may be determined. Also, a total of the number of events 2f

each type (4 for HET, 2 for LET) should be maintained.

Since a maxirum of 320 PHA events in HET and LET will occur during each
basic cvcle of 128 rate blocks, the capacity ofVeach core location for histc-
gra=s and associated tag bit registers need onlv be, at most, several
thousénd counts. If twelve bit counters were assigned to PHA ?ata arrar’
storage, each location would have a capacity of 2*2=4095 and four decimal

c¢igit readout in a printer would suffice. The number of core locations

needed is minimumly:

a) 7 parameters, 50 channels ea 359
b) 7 overflow channels 7
c) sector counters , 1é
d) event code counters 6
379 -

Uoon completion of the accumulation interval, a listing of each of tha 7

"y

-istograms and the 29 additional registers is requived.

3.0 Evaluation of Tos: Data

A complete verification of the experiment reguiszs th: follouwinz oro-

czQur

S:

()

1. Turn on experimen: and configure the command s+tatus such that CAL
A and CAL B are on, S.S. is on, X-Ray H.V. is off, Force B/0Q is off, and

XXSDM is off. This corresponds to the digital subcom word contents of 374



——

- = -
IlTas.

2. Periorm a real time block-by-block printout for at 1ea§t 96 con-
sezutive blocks. Verify that each rate block is followed by the correct
~uzher of PHA blocks alternating between HET and LET and :the successive
¢ blocks 1increase in line number from O through 15. The correct number
I PHA blocks occurring between rate blocks is 5 at bit =ates of 4096 or

2718, 3 at 1024 or 512 FMT 2, and 1 at 512 FMT 1 and all lower bit rates.

3. Perform a data accumulation for a minimum of 125 rate bl

5.

B
&

~
~

(9]

(a9
Q

Zrint the results and verify that the correct rates are stimulate
tZe internal calibrators (CAL A and/or CAL B). Also verify rhat the Pil.
rezacouts are in the correct channels and that approximatelv equal nu-ber
2I events appear in each of the eight PHA sectors. .

4. Send one CAL command to turn both CAL A and CAL B off. Verify
status (subcom word=314). With all internal stimulus off, the only
count rates present are due to background radiation, noize, or interforence.
Accunulate rate data for at least 10 minutes; the exact period must be an

integral number of 128 ratig blocks and is, therefore

A

, function.of bit rate
and node. At the end of the accumulation period, print the accumulated rate
totals and averages.

5. Send one CAL command to turn on CAL A and rcpecat step 3.

6. Send one CAL cormand to turn om CAL B and repeat step 3.

7. Verify x-ray command functions and opcration of x-ray off-set

a. L.ad the x-ray command register with the minimum off-set
(all "1"'s). This is accomplished by sending 8 pairs of X-Ray Data command
Izllowed by X-Ray Clock commands. Verify the command register status by

¢ in rate line 1 only. Then exccuto

o5serving all "1"'s in bits DS2 thru D

(93]



ke new x-rav status by sending at least two consecutive CAL commands,
Sz —axe sure CAL A is left on. The X-Ray XEQ. Register readout (bits
SZ through DSS in rate lime 5) should now read all "1''s, cnd S-XR(1)
will show the minimum off-set, or 89 counts. N-te also the walue ¢f tho
rzmeining S-XR({i) counters; This number will be a functiprn of bit rate 227
S C roli rate.

b. Load the X-Ray Command Register with the maximum off-set by

euncing six consecutive X-Ray Clock commands followed by X-Ray Data and

T

|

w2 adcditional X-Ray Clock commands. Verify the X-Ray Command Register

T

sazus by noting all "0"'s in LS2 through DS7 and a "1" in DS8 (XRSDM bit)

-

rate line 1. Then execute the x-ray status by sending at least two

CiL cocmands but make sure that CAL A is left on. The X-Ray SEQ. Register
reacdout (bits DS2 through DS8 of rate line 5)‘shou1d now read ;he same as
the cozmand register. V.-rify that S-XR (1) sho%s the maximum off-set or

119 counts and that value of the remaining S-XR(i) countets is approximately

Couble the reading found in paragraph a above.

8. Verify the Sector Sy?c. on/off functions as follows: -
a. at 4096 bps with the sector sync. on, those sectored rates
) that are stimulated by the internal CAL are allowad to accumulate
Ior 32 rolls. Assuming the simulated S/C roll rate is exactly 60 REM, each
counter will be on for 1/8 (52) seconds. Since the CAL pulscr rate is

zoe bit rate, the number of counts in each SR recadcut should be approwimateilv

,2% counts. the that CAL.A ;nd‘CAL B must be on durins this test,
aad that line by line printout or single-cycle (128 rate blocks) accurulation
interval is required to verify this number.

b. At bit rates ofleZ&, 512, or 256, the SR accumulation inter-

val 1s €9 rolls. The correct nuther of counts which should appear in
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ingle SR readout can be computed as:

x=§ (69) Sec. x (bit rate) :ts

znd should be verificd in at least one of the bit rates noted above.

axly at § o : acv...alation internal is 2208 rclls. The nu=ter

-

H

coun.s in a SR readout shoﬁld be approximately 2208 counts. The irn-
strument must be allowed to operate at the 8 bps made for at leaét £:o
r2adout sequences (~40 minutes) before beginning the data accumula:ticn
izzerval in the computer.

9. Vrcrify the Force Blackout command by turning Force B/O on (as
indicated by the digital subcom word) and verify that no PHA blocks anpear
{2 the readout. .

10. Verify the X-Ray H.V. on/off command by noting that the corresponding
5it in the subcom word responds. |
3.2 Test Cyéle

The procedural steps outlined above providec a modarately thorouzh chack

(9]

Z the instrument. These steps can be accomplished in any order and —a-

(8}

e rearranged to merge with other S/C functions as desired. It is izsortant

Zuring the conduct of the test to note any external conditions that can zifect

the results, such as the presence of radiat

[ N

on souvces (type, strenzin,
arnd location relative to the experiment), S/C 2ctivitics that may proiule

2lzctrical noise such as turning TWI's off or on, or radliind PT, €0C

-

sizulated roll rate if different from 50 RPM, or similaor conlitimnms.
v N 8 '
3.3 Mocde Tztle )

The experiment cycle times and other parameters of interest as velated
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ya
-t

raze and {ormat is shown in Table 3.3. Since the interral cali-
Szazors (CAL A and CAL B) are pulsed at the bit rate, the expected nuaber
:I ccunts per sectored rate readout can be variable by 8 times number of
Zs iz the accurulation interval.
-.C Erzireerizg Data

L.l Anzlisz Data .

Each anzl-g channel, the parameter measured, and its expected analog
value.is listed in Table 4.1

4.2 Digi:zal Data

Each coz=and status is readout in the subcom word as shown below.

.

he mos: significant bit

Bit 1 X-Ray Window Clock

Bit 2 X-Ray Window Data

Bit 3 Internal Calibrator A on/off:

Bit & Internal Calibrator B on/cff

3it 5 X-Ray H4V. on/off '
Bit € Sector Synchronizer on/off

Bit 7 Force Blackout mode

Bit 8 XRSDM on/off
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. \'S
TABLE 4.1
gstimated
s=z2lcc Chanrel Connector Pin Paramcter Vaiue
A5E T-1 ' 26 HET Temp : -
2 10 - VLET-2 Tcmp -
3 | | 7.7 | i% rDet.Mnt.Plate Temp -
4 11 X-ray det. Temp . - -
5 28 - TBSP-1 Temp -
- e TBSP-2 Temp e
7 29 Electronics Temp -
8 13 Base Plate Temp (Rear) -
9 30 +12 V. Monitor ~5 LY
10 14 +6 V. Dig. Monitor ~4 LY
11 31 +6 V. Ana. Monitor 4y
12 15 47.75 V. Monitor ) ~ 4V
13 32 +4 .7V ‘ - ~hLev

14 16 Base Plate Temp (Front)

i
xpected values for temperaturc chamcels vary with azbieat
conditions and from unit to unit. No operaticnal constraints
based on these values will be imposed durirz tezting.

3]




5.1 Lire Printer
It is required that data be displaved on the linc printer in at
four diZferent Zormats as described below.
5.1.1 Line-byv-Line Display
Each 48 bit block should be pfinted in chronological order as they
gzreer irn telemetrv. The compoﬁent parts of each block should be separated
azi idextified with appropriated legends on the page, and should bte converted

= dSirary to decimal or, for rate words, from log to decimal. If the

izter page is wide enough (~130 columns) it would be most convenient if

tfe rate cata could be on one side of the page and the PHA data on the other

(X0

Ze as shown in the suggested format, figure 5.1.1.

Zach block results in one line of printout with only the data within that
5Izck entered on the page. Proper sequencing of the experiment readout may
¢ 2a51ilr determined from this format.

“his format contains the following entries:

>

FR No. =~ frame number from the S/C frame counter in which block was
transmitted. ;

4

ine Y

©. - same as in figure 2.1.b, rate data block cdescription

5.5. ID - The sectored rate sequence ID contaired in D3 2, 3, and % of
rate data blecks, lines 9-16

T.S5.5. ID - The umsectorad rate sequance ID froa vass Jara Bla~'is

Rate Word - The contents of the appropriate rate word shculd ta converted

from binary log to decimal fixed point form and displaved.

Seven columns arc required. [ach rate word should alss te

e

dentified by its apprepriate svebol as sh-wm in
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b v

A/CIII/DI - The contents of PHA word U (rom cither HET or LOT Lio-ls,
converted from binary to decimal and incremanted by one.

B/DII - The contents of PHA word 2, as above.

CI+CII/E - The contents of PHA word 3, as above.

H/L - Indicates if the PHA data.in that line is from HET or LET as

specified by bit 47 of the PHA block.

joed
3
o

ET - Event type designator, can be 0, 1, 2, or 3 for HET (taz bits
HT7) or 0,1 for LET (tag bit LT6)
R - The range bit, 0 or 1, located in HTS, ;pplies only to HET blccks.
S - The decimal equivalent of the S1 and S2 bits in either H or L tages.
- - Five additional columns should be reserved “or the remaining tag bits
and each should be displayed separately.
5.1.2 Accurmulated Rate Data Dump
At the end of each -ate data accumulation interval 'in the computcr,
the processed data should be listed, identifying eachnrate total and computed
average counts/sec by the notation used in 2.1.b (RIA etc.). Also included
should be the frame numberjin which the accumulation interval started and erded,
ad the total elapsed time in minutes and number of [(rames. The nuxzber of
columns required is approximately 5 for the legend, 3 for the total éounts,
acrd 5 for the computed average.
5.1.3 Accumulated PHA Data Dump
At the end of each PHA accumulation interval in the computer, the conterts
cf each of the 51 channels for each of seven spectra should be listed. This
wi1l require 7x5=33 columns. Each column should of course, be labled at the

Seginning. The [rame number in which the accumuin~t ien poriecd started and

it




:' ‘- ¢
. * '
. ‘g .
14
_zzmizi.oand the nusber of frames and elapsed time should also be shevn. At
2=z end o> cthe spectra listings, the contents of the book-keeping charnels

= stzwin:z the value either in octal or decimal. he digital word should be

Zizzed sg that the status of each command may be readily determined either
iz %= iz or in octal. Converting this word to decimal is not desirable.

w

2 Cathode Ray Tube (CRT)
Zhe CRI formats should essentially follows the requirements of 5.1.1

“

zorouzh 3.1.%4 zbove, but the line by line display must be abbdreviated signirfi-

- - - - -~ e~ i . ~ = - 1 - - ~ -
tezzlr. It 1s suggested. that the legends beo climlocer<d. bulb faat T e cal
2 Tecmeezs e Tigeemad o P P I S PR - - RSN I BE SR
2.wavws & .lsrtoe DJeZinnnn’ T4 ine S - i A STLLALAYL

Zizd a sveciiic data word if desired. Frame number could also ba detected.

=22z S5 ID and US ID nust remain.

byl

o> Stripchart Recorder (SIC)
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DRAFT

SECTION 1 - INTRODUCTION

Helios is a joint scientific effort between the Unites States and Germany to
explore the solar plasma close to theSun. The two spacecrafts, Helios-A
(December 1974) and Helios-B (December 1975), contain a series of scientific

experiments to investigate different aspects of the solar plasma.

The experiment (No. 7) for which this data processing system is written examines
charged particles. It consists of three sensor systems (HET, LET-1, LET-2),
plus a gas proportional counter which predominantly responds to X-ray photons

in the 2 to 8 KeV energy range. The charged particle detector systems are

made up of from fou}r to seven silicon diodes operated with a reverse bias ade-
quate g’j fullg; deplete’ ':hé thodes. If a charged particle passes through a diode,
ionization along the path through the detector results in hole- elec’Cbn pairs being
formed along this path. The applied electric field causes the charge to be swept

up, forming a charge pulse which is then accurately measured by tfxe electronics.

LT R ;«a{

The gas proportional counter rea:%}y is two independent counters sharmg one
pressure vessel. The primary X-ray data is obta;ned through a very narrow
collimator. Using on-board electronics, one can accumulate data in eight
sectlons of 0.17° or 0.34° centered orythe Sun. Such a system allows

aa to monitor and locate scburces of solar activity. The second aperature is
viewed by means of a 53° collimator. Only low energy X-rays are allowed
through the foils. This counter monitors detector background as well as low

energy solar electrons.

The charged particle (cosmic ray) experimga_nt outputs minor frame data of two
basic types, RATE and PHA. RATE datajzfjé 12-bit biﬁary number(representing
the total number of times per accumulation interval that signals exceeding
§pec1§;,¢i {axﬁplitudes from one or more detectors in each telescope occurred in

coincidence."




PHA (Pulse Height Analyzer) data represents.the digitized amplitude of each
of three specified detector signals appearing in coincidence. This amplitude
indicates the energy loss of the charged particle in the particular telescope
element. The PHA digitizes the amplitude of each pulse into one part in 4096

called a channel corresponding to predetermined energy ranges.

The Helios Data Processing System has been written to parallel Pioneer's
Data Processing System as much as possible. Whenever applicable, the
Pioneer code was extracted and used in the corresponding Helios routine.
This approach has reduced redundant coding considerably. Any programmer
who maintains this system and incorporates enhancements into it should
‘investigate making similar enhancements to the corresponding Pioneer logic.

Figure 1-1 is an overview of the Helios Data Processing System.



SECTION 2 - DATA REDUCTION PROGRAM

2.1 OVERVIEW

The Data Reduction Program is the initial step in reducing the spacecraft

telemetry data into a form that is more gggiigylié} and accessible.

e

The spacecraft telemetry data is received from the Information Processing
Division (IPD), where the data pertaining to each individual experiment }Eﬁ Prers
extracted from a master data tape. Once received, the data reduction pro-
gram takes each minor frame and goes through a series of reliability checks.
These include time, ¢continuity, data quality, and blackout mode veriiication.

All data that pass the verification tests are then identified as to the type, RATE
or PHA, If minor frames are missing or discarded by the verification logic,

a routine (FMSYNC) is called to maintain the extremely important minor frame
synchronization. This synchronization is important since RATE and PHA data
are transmitted in a definite, pre-determined ratio based upon bit rate and

format (see Table | ).

Once the data'ﬁiﬁ/ been verified and synchronization guaranteed, .it’ can then be
T ‘ ate

identified as being either RATE or PHA. Once identified, the data is~then un-

packed and the proper séries of subroutines called to process that particular

type of data.

QAe [
The data ts temporarily stored in core in a-pre=determined location based -upen

st

%ﬁosition in the commutation cycle (see Table 7. ). Whenever an entire

cycle (album) of telemetry data has been processed, the accumulated PHA and

RATE data are read out to their respective buffers.

The RATE and PHA data bases are time ordered and maintained on single file,

9-track tapes with a density of 1600 BPS. Each logical record contains data

accumulated over one album, but never data of differing bit rate or format. .

LT
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\kmg{;}\i history of data processed and options applied is maintained in the DRS

i
gt'lpe ca?“‘“l*eg and the File/Logistics/History catalog. The DRS tape catalog

provides pertlt\;\rﬂ;\mfonnatlon about the PHA, RATES, and CATALOG tapes

2 " previously created and bl“anlg tapes currently available to the system. The
h File/ LogIStICS/HIStOI‘y catalog is a-permanent disk data set which provides a
permanent time-ordered history of all the '"éxgg;imenter data record (EDR)
§ ‘;\1 tapes processed by the data reduction system. fbui*~ggg§rations of backups
’% Y are kept of these vital system catalogs. The tapes contaiﬁiﬁg%tgg§e backups
are referred to as CATALOG tapes, and their volume serial nmnl;é;'s and

generation are maintained in the DRS catalog.
2.2 SUBROUTINES

2.2.1 HELDRP

2.2.1.1 Functional Description

This routine serves as the executive of the data reduction system. All variable '
initializations, I/O operations, data unpacking, and data base updating' are
controlled either directly or indirectly through subroutine calls from this

routine.
2.2.1.2 Calling Sequence P

This FORTRAN routine serves as the executive of this system and has no

calling sequence.
2.2.1.3 Subprogram and CohthdR Cross—ﬁeference

Calling Subroutines: Receives control from supervisor

Subroutines Called: HELDRP calls FTIO, EDRSUM, ENDCAT, UPKLBL,
DTIME, EORCAT, EXTRCT, GETPUT’, RATEND, FMOVE, CNVDAT, DRPMES,
EDREND, ENDCAT, FILINT, REMTIM, CNVMJD; DRSRPT, EDRINT, ENDPHA,
NEWCAT, NOSTAE, PHAEND



COMMON Blocks Referenced: DATREC, LOGHIS, RECSTA, DRSTAP, TAPLST,
LABEL, STATUS, RUNDAT, INTERN, ITEMS, ENGSW

2.2,1.4 Method

Processing begins by setting up the defaults for the system operating options.

These defaults can then be overridden by a read from the NAMELIST OPTION, Ty V

A series of option verifications follow)which guarantee that the requested

processing can be initiated.

If normal production processing is being performed, a check is then made via

a call to REMTIM to assure that enough time is remaining to

at least one EDR tape. When insufficient time remains, a message is written
indicating the job is being prematurely terminated due to time restraints,

performs the necessary end-of-job functions, and terminates the job normally.

If sufficient time remains for further processing, a card is read from the

NAMELIST EDRTAP which identifies the volume serial number of the input
EDR tape and processing options to be applied when processing the tabe. If
an input EDR tape is not specified, then the neceésary end-of- job functions

are performed and the job terminates.

When a valid EDR tape nui"ﬁber is supplied to the system, then the tape is
mounted and positioned to the first file. The first record of the file is then
read and unpacked, which supplies information pertaining to the telemetry data
written in that file. The information provided indicates the bit rate, format,

and time interval over which the data was recorded. /L

After the header of the first file has been unpacked and validated, a call is v
made to EDRCAT to determine if the data on this EDR tape overlaps in time

with any data previously processed. If data overlap does occur, the EDR tape

is rejected and the program goes on to read another EDR tape volume serial

number if one is available.



TR

When the data on an EDR tape has been accepted for further processing, the
telemetry data records are read and 2 call is made to EXTRACT, which con-
trols the extraction of data fields and their validation. When an end-of-file
occurs, the program positions to the next file and attempts to read another
header record. If instead another end of file occurs, then an end of volume ‘
is assumed. Normal processing of the header and data records in each file

will continue until the consecutive end-of-file marks are encountered.

When an end-of-volume does occur, a message is written indicating this and
the tape is unloaded. A call is then made to EDRSUM to summarize and write
all statistics accumulated for the data processed from the tape. A subsequent
call to EDREND (an entry point in EDRCAT) will insert the catalog entry
created for the EDR tape into ifs proper time-ordered location in the File/

Logistics/History catalog.

After the end-of-volume logic is completed, the program loops back to a call
to REMTIM to a.gain verify that enough time remains to procees one EDR tape.
If sufficient time remams and an EDR tape is ava11ab1e for processm0‘ the
entire procedure of vahdatmg header records, telemetry data records, file
positioning, and end-of-volume processing is repeated. If no additional EDR
tapes are to be processe(}, the routme ENDCAT is invoked to print the File/
Logistics/History catalog report and to generate the updated version of the
CATALOG tapes. The Current Status Report is then written by the routine
DRSRPT,; the tape catalog is updated to reflect the data processed; an
end-of-job message is written; and the job terminates normally. The above
end-of-job procedure differs slightly when Quick-Look processing is requested.
In the Quick-Look mode, the DRS tape catalogs and the current File/Logistics/
History catalog are not referenced. Additionally, the CATALOG tapes are not
updated.



2.2.2 Subroutine ADDFRM (alias COMFRM, MSFRA M)

2.2.2. ‘nctional Descriptic
This routine provides necessaw{ time operations needed by the system.
2.2.2.2 Calling Sequences

CALL ADDFRM (MSP1, HDP1, yFR\S, HFM, HBR, M5R2, HDP2)

Symbol Type Input [0 wtput De:  otion
MSP1 T*4 I millisecon:s of day to which

increment is added

HDP1 I*2 T relative modified Julian day to
which increment is added

HFRMS I*2 T number of minor frames to be
incremented

HFM I*2 T format of input data

HBR I*2 I bit rate of input data

MSP2 T*4 0 milliseconds of day after time

increment is added

HDP2 I*2 @) relative modified Julian day after
time increment is added

CALL COMFRM (MSP1, HDP1, MSP2, HDP2, MTMDIF)

MSP1 I*4 I milliseconds of day assisgned to T1
HDP1 I*2 I relative modified day assigned

to T1
MSP2 I*4 I milliseconds of day assigned

assigned to Ty

HDP2 2 I relative modified day assigned
to T2
MTMDIF I*4 ' C time difference in milliseconds

(T1 - T2)



CALL MSFRAM (HFMT, HBR, MSP1)

Symbol Type Input/Output Description

HFMT *2 I format of input aata

HBR I*2 I bit rate of input data

MSP1 I*4 e minor frame accumulation time

in milliseconds
2.2.2.3 Subprogram and COMMON Cx‘-ossf]i{eference
Calling Subroutines:
Subroutines Called: This routine calls ﬁo subprograms-
COMMON Block Referenced: This routine uses no COMMON blocks.
2.2,2.4 Method

The subroutine ADDFRM is called to increment an input time by a given
number of minor frames. The accumulation time for a minor frame is cal-
culated band upon the supplied bit rate and format. - This calculated time is

used as the time increment.

The entry point COMFRM ig." used to comparetimes from two frames. The

absolute time difference in milliseconds is returned to the calling program.

The entry point MSFRAM is called to call the minor frame accumulation time

at the present bit rate and format.

2.2.3 Subroutine CNVMJD (alias: CNVDAT)

2.2.3.1 Functional Description

; A
This routine provides date conversions. \/

-

2.2.3.2 Calling Sequences

CALL CNVMJD (HMOD, HMONTH, HDAY, HYEAR)



CALL MSFRAM (HFMT, HBR, MSP1)

Symbol Type Input/Output Description

HFMT *2 I . format of input data

HBR 12 | I bit rate of input data

MSP1 I*4 ' 0 minor frame accumulation time

in milliseconds
2.2.2.3 Subprogram and COMMON Cross-l{eference
Calling Subroutines:
Subroutines Called: This routine calls no subprograms,
COMMON Block Referenced: This routine uses no COMMON blocks.
2.2.2.,4 Method

The subroutine ADDFRM is called to increment an input time by a given
number of minor frames. The accumulation time for a minor frame is cal-
culated band upon the supplied bit rate and format. This calculated time is

used as the time increment.

The entry point COMFRM is used to compare times from two frames. The

4

absolute time difference in milliseconds is returned to the calling program.

The entry point MSFRAM is called to call the minor frame accumulation time

at the present bit rate and format.

2.2.3 Subroutine CNVMJD (alias: CNVDAT)
2.2.3.1 Functional Description |

This routine provides date conversions.
2.2,3.2 Calling Sequenlces

CALL CNVMJD (HMOD, HMONTH, HDAY, HYEAR)



Symbol Type Input/Output Description

HMOD I*2 relative modified Julian day
HMONTH I*2 (0] - month of year

- HDAY I*¥2 ' 0 day of month
HYEAR I*2 O two-digit year

CALL CNVDAT (HMONTH, HDAY, HYEAR, HMOD)

HMONTH 1*2 1 month of year

HDAY I*2 I day of month (or day of year if
’ HMONTH=0)

HYEAR I*2 I I two-digit year

HMOD I*2 o - relative modified Julian day

2.2.3.3 Subprogram and CQ%?@@N‘erss-/Y(eference

Calling Subroutines: .

Subroutines Called: This routine c‘ai-ls no subprograms.

COMMON Blocks Referenced: Thié routine uses no COMMON blocks.
2.2.3.4 Method

The subroutine CNVMJD is called to convert a day count based on day 1 being
January 1, 1972 to a date of the form month-day-year. This day count is

referred to as the relative modified Julian day.

The entry point CNVDAT is called to perform the reverse function. It converts
a date of the form month/day/year to its corresponding relative modified Julian
date. Optionally, the month can be set to zero, and the day of the month is

assumed to be day of year instead.

2.2.4 Subroutine CONTIM

2.2.4.1 Functional Description

This routine is used to convert a time in milliseconds of day to hours-minutes-

seconds.



2.2.4.2 Calling Sequence

CALL CONTIM (MILSEC, HOUR, HMIN, SECOND, TYPE)

Symbol Type Input/Output Description

MILSEC I*4 I milliseconds of day

HOUR 1*2 O derived hours

HMIN 1*2 O derived minutes

SECOND R*4 or I*2 O - derived secondst

ITYPE I*4 I optional parameter defining the

form of SECOND
ITYPE=0, floating point
ITYPE<O0, halfword integers
2.2.4.3 Subprogram and CHMRMEH Cross—}i{eference
Calling Subroutines:
Called Subroutines: This routine calls no subprograms.
COMMON Blocks Referenced: This routine uses no COMMON blocks.

2.2.4.4 Method

This routine is used to convert milliseconds into Ihours/minutes/seconds, where
seconds may be either fioating point or fixed point with thousandths of seconds.
The form of the records is determined by the presence of fifth parameter in the
call list, If the parameter is negative, the seconds are stored in consecutive
halfwordé as seconds and thousandths of seconds. Otherwise, seconds are

stored in full-word floating-point format.

2.2.5 Subroutine DRPMES

2.2.5.1 Functional Description
This routine is called for the purpose of message generating. /L
2.2.5.2 Calling Sequence .

CALL DRPMES (DPROG, MESCOD, MESAGE)



Symbol Type Input/Output Description

DPROG R*8 I name of routine requesting the
message generation

MESCOD - I*4 I message code

MESAGE I*4 I array containing information

related to the message
2.2.5.3 Subprogram and COMMGN Cross-Reference
Calling Subroutines :
Called Subroutines; FTIME, ABEND
COMMON Block References: RUNDAT, INTERN, FERMSG.
2.2.5.4 Method

This routine is invoked by various routines in the data processing system for

writing informative messages concerning job status.

Each message has been assigned a numeric code which is passed through the
argument list along with information needed to properly write the message.
Additionally, the message written informs the user of the routine invoking

the subroutine call.

2.2.6 Subroutine DRSPT

2.2.6.1 Functional Description

This routine generates the Current Status Report at the end of each production

run,
2,2.6.2 Calling Sequence
CALL DRSRPT (NCAT)

Svmbol Type Input/Output Description

NCAT I*4 I pointer to latest tape catalog



2.2.6.3 Subprograms and COfj by Cross-y(eferences '
Calling Subroutines:

Called Subroutines: CNVMJD, CONT]M

COMMON Block References: DRSTAP, TAPLST, RUNDAT
2.2.6.4 Method

This routine is invoked at the end of each production run to write the Current
Status Report. This report provides information concerning all PHA and
RATES tapes generated and/or copied in the ¢urrent run, the current status
of all tapes available to the Data Reducfion System, and indicates the latest

catalog pointer value.

2.2.7 Subroutine EDRCAT (alias: "EDREND, NEWCAT, ENDCAT)
2.2.7.1 Functional Description

This routine handles all data manipulation pertaining to the data reduction

system catalogs.
2.2.7.2 Calling Sequenées

CALL EDRCAT (ﬁN))

g ’

where N is an alternate return taken when the EDR tape is rejected because the
data is not in the necessary time-ordered sequence with previously-processed

data.
CALL EDREND
CALL NEWCAT

CALL ENDCAT (NCMTAP)

Symbol Type Input/Output Description
NCMTAP I*4 I the CATALOG tape sequence
number

=0, no previous CATALOG tape
=1, previous CATALOG tape



2.2,7.3 Subprogram and COMMO’N Cross—ﬁeference

Calling Subroutines:

Called Subroutines: DAIO, FTIO, DRPMES, FMOVE, CNVMJD, CONTIM, IGET
COMMON Block References: LOGHIS, DRSTAP, RUNDAT, INTERN, LOGCAT
2.2.7.4 Method

The routine EDRCAT is invoked at the beginning of processing {an/EDR tape to 7»
determine if the data contained in the tape is in the prope: time order and, if
data merging is not specified, that no time overlap occurs. EDRCAT also sets
up a pointer to the locatioﬁ where the catalog entry to be created for the EDR

tape will be inserted into the File/ Logistics/History catalog.

When Quick-look processing is. specified, EDRCAT does not reference the
permanent File/ Logistics/Histéry ca’talog. All catalog entries created for the
current Quick-look run are processed on the temporary catalog and discarded

at the termination of the run.

When data merging is specified, EDRCAT first determines whether the data to
be processed needs to be merged with previously-processed data. If no merge
is necessary, then the cai;a}og entries created for the current run are processed
in the same manner as whé'n data merging is not specified. That is, all entries
are inserted after the last catalog entry contained in the permanent File/
Logistics/History catalog and no reference is made to the temporary catalog
data set. When the data being processed needs to be merged with previously-
processed data, EDRCAT copies the permaﬁent data set onto the temporary data
set until the location to insert the new catalog entry is determined. This pro-
cedure will continue on each subsequent entry to EDRCAT, and eventually the
new updated version of the File/ Logistic.s/History catalog will reside on the

temporary catalog data set.

The entry point EDREND is invoked after the processing of an EDR tape. EDREND

inserts the catalog entry created for the EDR tape into its proper time-ordered



location in the File/Logistics/History catalog. EDREND also saves the absolute
file numbers assigned to the first and last catalog entries created in the current
run. These absolute file numbers are utilized by the entry point ENDCAT when

generating the File/Logistics/History Catalog Report.

The entry point NEWCAT is invoked when the value of the Tape Catalog Pointer

is overridden for a pax'ticuIar production ruh by the value specified for NUMCAT,
which is supplied on the OPTION namelist cards. The purpose of this logic is to
restore the File/Logistics/History catalog from the appropriate backup CATALOG

tape before the processing of EDR tapes begins for the current production run.

The entry point ENDCAT is invoked after the processing of EDR tapes has heen
completed. ENDCAT first determines if the last catalog entry processed by
EDREND was inserted with previously-processed data. If so, it proceeds to
finish the copying of the permanent catalog data set onto the temporary data set.
If the generation of the CATALOG tapes is specified, EDREND mounts the appro-
priate CATALOG tapes and writes the first file of informatio@ on them. Nexf,
the new updated version of the File/ Logistics/History catalog is read and the
corresponding catalog repoft is generated. If ;che new version of the catalog
resides on the temporary data se‘é, it‘is copied onto the permanent data set,

provided }@Gick—look pr;ﬁcessing was not requested.

The catalog entries created when Q/uick—look processing is specified are dis-
carded. Also, the new version of the catalog is written onto the CATALOG

tapes.

2.2.8 Subroutine EDRCHK

2.2.8.1 Functional Description

This routine provides logic to verify the integrity of the incoming telemetry

data.
2.2.8.2 Calling Sequence

CALL EDRCHK (KPAD, HRATIO, §X)
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SECTION 1 - INTRODUCTION

Helios is a joint scientific effort between the Unites States and Germany to
explore the solar plasma close to the sun. The two spacecrafts, Helios-A
(December 1974) and Helios-B (December 1975), contain a series of scientific

experiments to investigate different aspects of the solar plasma.

The experiment (No. 7) for which this data processing system is written examines
charged particles. It consists of three sensor systems (HET, LET-1, LET-2),
plus a gas proportional counter which predominantly responds to X-ray photons

in the 2 to 8 KeV energy range. The charged particle detector systems are

made up of from four to seven silicon diodes operated with a reverse bias ade-
quate to fully deplete the diodes. If a charged particle passes through a diode,
ionization along the path through the detector results in hole-election pairs being
formed along this path. The applied electric field causes the charge to be swept

up, forming a charge pulse which is then accurately measured by the electronics.

The gas proportional counter really is two independent counters .sharing one
pressure vessel. The primary X-ray data is obtained through a very narrow
collimator. Using on-board electronics, one can accumulate data in eight
sections of 0.17° or 0.34° centered onthe sun. Such a system allows 2
as to monitor and locate sd’ixrces of solar activity. The second aperature is .
viewed by means of a 53° collimator. Only low energy X-rays are allowed
through the foils. This counter monitors detector background as well as low

energy solar electrons.

The charged particle (cosmic ray) experiment outputs minor frame data of two
basic types, RATE and PHA., RATE data is a 12-bit binary number representing
the total number of times per accumulation interval that signals exceeding
specific axﬁplitudes from one or more detectors in each telescope occurred in

coincidence." B



PHA (Pulse Height Analyzer) data representy the digitized amplitude .of each
of three specified detector signals appearing in coincidence. This amplitude
indicates the energy loss of the charged particle in the particular telescope
element. The PHA digitizes the amplitude of each pulse into one part in 4096

called a channel corresponding to predetermined energy ranges.

i

The Helios Data Processing System has been written to parallel Pioneer's
Data Processing System as much as possible. Whenever applicable, the
Pioneer code was extracted and used in the corresponﬂing Helios routine.
This approach has reduced redundant coding considerably. Any programmer
who maintains this system and incorporates enhancements into it should
investigate making similar enhancements to the corresponding Pioneer logic.

Figure 1-1 is an overview of the Helios Data Processing System.

f/

¥
5

[ S



DRAFT

SECTION 2 - DATA REDUCTION PROGRAM

2.1 OVERVIEW

The Data Reduction Program is the initial step in reducing the spacecraft

telemetry data into a form that i;}lore reliable and accessible.

The spacecraft telemetry dataaf/s received from the Information Processing
Division (IPD), where the data‘kpertaining to each individual experimentﬁé{i/
extracted from a master data tape. Once received, the data reduction pro-
gram takes each minor frame and goes through a series of reliability checks.
These include time <on%inuity, data quality, and blackout mode verification.

All data that pass the verification tésts are then identified as to the type, RATE
or PHA. If minor frames are missing or discarded by the verification logic,

a routine (FMSYNC) is called tb maintain the extremely important minor frame
synchronization. This synchronization is important since RATE and PHA data
are transmitted in a definite, pré—'detemnined ratio based upon bit rate and

format (see Table )e

o
Once the dataﬁg,been verified and synchronization guaranteed, it can then be
, —
identified as being either RATE or PHA. Once identified, the data is

packed and the proper series of subroutines called to process that particular

type of data.

The data 1s temporarily stored in core in a pre-determined location based upon
its position in the commutation cycle (see Table ) Whenever an entire
cycle (album) of telemetry data has been processed, the accumulated PHA and

RATE data are read out to their respective buffers.

The RATE and PHA data bases are time ordered and maintained on single file,
9-track tapes with a density of 1600 BPS. Each logical record contains data

accumulated over one album, but never data of differing bit rate or format.



A time history of data processed and options applied is maintained in the DRS
tape catalog and the File/Logistics/History catalog. The DRS tape catalog
provides pertinent information about the PHA, RATES, and CATALOG tapes
previously created and blank tapes currently available to the system. The
File/Logistics/ HiStory catalog is a permanent disk data set which provides a
permanent time-ordered history of all the experimenter data record (EDR)
tapes processed by the data reduction system. Four generations of backups
are kept of these vital system catalogs. The tapes containing these backups
are referred to as CATALOG tapes, and their volume serial numbers and

generation are maintained in the DRS catalog.
2.2 SUBROUTINES

2.2,1 HELDRP

2.2.1.1 Functional Description

This routine serves as the executive of the data reduction system. All variable
initializations, I/O operations, data unpacking, and data base updating are
controlled either directly or indirectly through subroutine calls from this

routine,
2.2.1.2 Calling Sequence,’"

This FORTRAN routine serves as the executive of this system and has no

calling sequence.
2.2.1.3 Subprogram and C%M@@Cross—#eference
Calling Subroutines: Receives control from supervisor

Subroutines Called: HELDRP calls FTIO, EDRSUM, ENDCAT, UPKLBL,
DTIME, EORCAT, EXTRCT, GETPUT, RATEND, FMOVE, CNVDAT, DRPMES,
EDREND, ENDCAT, FILllNT, REMTIM, CNVMJD, DRSRPT, EDRINT, ENDPHA,
NEWCAT, NOSTAE, PHAEND



COMMON Blocks Referenced: DATREC, LOGHIS, RECSTA, DRSTAP, TAPLST,
LABEL, STATUS, RUNDAT, INTERN, ITEMS, ENGSW

2.2,1.4 Method

Processing begins by setting up the defaults for the system operating options.
These defaults can then be overridden by a read from the NAMELIST OPTION.
A series of option verifications follow which guarantee that the requested

processing can be initiated.

If normal production processing is being performed, a check is then made via

a call to REMTIM to assure that enough time is remaining to 99‘?‘9}???13’ process
at least one EDR tape. When insufficient time remains, a message is written
indicating the job is being prematurely terminated due to time 1estraints,

performs the necessary end-of-job functions, and terminates the job normally.

If sufficient time remaihs for further processing, a card is read from the

NAMELIST EDRTAP which identifieé the volume serial number of the input
EDR tape and processing options to be applied when processiné the tépe. If
an input EDR tape is not spec‘ifiéd, then the necéssary end-of- job functions

are performed and the job terminates.

When a valid EDR tape m’iinber is sﬁpplied to the system, then the tape is
mounted and positioned to the first file. The first record of the file is then
read and unpacked, which supplies information pertaining to the telemetry data
written in that file. The information provided indicates the bit rate, format,

and time interval over which the data was recorded.

After the header of the first file has been unpacked and validated, a call is
made to EDRCAT to determine if the data on this EDR tape overlaps in time
with any data previously processed. If data overlap does occur, the EDR tape
is rejected and the program goes on to read another EDR tape volume serial

number if one is available.



When the data on an EDR tape has been accepted for further processing, the
telemetry data records are read and a call is made to EXTRACT, which con-
trols the extraction of vc‘lata fields and their validation. When an end-of-file
occurs, the program positions to the next file and attempts to read another
header record. If instead another énd of file occurs, then an end of volume
is assumed. Normal processing oflb the header and data records in each file

will continue until the consecutive end-of-file marks are encountered.

When an end-of-volume does occur, a message is written indicating this and
the tape is unloaded. A call is then made to EDRSUM to summarize and write
all statistics accumulated for the data processed from the tape. A subsequent
call to EDREND (an entry point in EDRCAT) will insert the catalog entry
created for the EDR tape into its proper time-ordered location in the File/

Logistics/History catalog.

After the end-of-volume logic is completed, the program loops back to a call .
to REMTIM to;a:%iin verify that enough time remains to process one EDR tape.
If sufficient time 1:emains and an EDR tape is available for processing the
entire procedure of validating header records, telemetry data records, file
positioning, and end-of-volume processing is repeated. If no additional EDR
tapes are to be processé"d, the routine ENDCAT is invoked to print the File/
Logistics/History catalog report and to generate the updated version of the
CATALOG tapes. The Current Status Report is then written by the routine
DRSRPT, the tape catalog is updated to reflect the data processed, an
end-of-job message is written and the job terminates normally. The above
end-of-job procedure differs slightly when Quick-Look processing is requcsicd,
In the Quick-Look mode, the DRS tape catalogs and the current File/Logistics/
History catalog are not referenced. Additionally, the CATALOG tapes are not
updated.



2.2.2 Subroutine FRM (a COMFRM, MSFR

2.2,2.1 Functic Jescript:

This routine proceses necessdn| tiime operations needed v the system.
2.2.2.2 Calling Sequences

CALL ADDFRM (MSPL,’ HDPI HFRMS, HFM, HBR, MsP2, HDP2)

Symbol Cype put/Output D ption
MSP1 I*4 I milliseconds of day to which

: : incremeni 1Sadded

HDP1 I*2 D O relative medi%ied Julian day to
o which increment is added

HFRMS I*2 ’ I number of mynoyv frames to be
incremented

HFM I*2 I format of input «ita

HBR I*2 I bit rate of input data

MSP I*4 O miliiseconds of day aftér time

increment is added

HDI I*2 0 relative modified Julian day after
time increment is added

CAT  COVFRM (MSP'/ HDP1, MSP2, HDP2, MTMDIF)

MSP1 I*4 I milliseconds of day assisgned to T1
1HoPr1 I*¥2 I relative modified day assigned

to Tq
MSP2 I*4 I milliseconds of day assigned

assigned to Ty

HDP2 I*2 I relative modified day assigned
to T2
MTMDIF I*4 C time difference in milliseconds

(T1-T2)




CALL MSFRAM (HFMT, HBR, MSP1)

Symbol Type Input/Output Description

HFMT I*2 I format of input data

HBR I*2 I bit rate of input data

MSP1 I*4 0 minor frame accumulation time

in milliseconds
2.2.2.3 Subprogram and COMMON Cross-Reference
Calling Subroutines:
Subroutines Called: This routine calls no subprograms.
COMMON Block Referenced: This routine uses no COMMON blocks.
2.2.2.4 Method

The subroutine ADDFRM is called to increment an input time by a-given
number of minor frames. The accumulation time for a minor frame is cal-
culated band upon the supplied bit rate and format. ‘This calculated time is

used as the time increment.

The entry point COMFRM is’,,ilsed to comparetimes from two frames. The

absolute time difference in milliseconds is returned to the calling program.

The entry poiht MSFRAM is called to call the minor frame accumulation time

at the present bit rate and format.

2.2.3 Subroutine CNVMJD (alias: CNVDAT)

2.2.3.1 Functional Description
This routine provides date conversions.
2.2.3.2 Calling Sequences

CALL CNVMJD (HMOD, HMONTH, HDAY, HYEAR)




Symbol Type Input/Output Description

HMOD I*2 I relative modified Julian day
HMONTH 1*2 0] month of year

HDAY I*2 0] day of month

HYEAR I*2 0o two digit year

CALL CNVDAT (HMONTH, HDAY, HYEAR, HMOD)

HMONTH T*2 I month of year

HDAY I*2 I day of month (or day of year if
- HMONTH=0)

HYEAR I*2 I two digit year

HMOD I*2 0] relative modified Julian day

2.2.3.3 Subprogram and C@ﬁ‘lﬁ%ﬁ Cross—#eference

Calling Subroutines:

Subroutines Called: This routine calls no subprograms.

COMMON Blocks Referenced: This routine uses no COMMON blocks. w-
2.2.3.4 Method |

The subroutine CNVMJD is;,éalled to convert a day count based on day 1 being
January 1, 1972 to a date of the form month-day-year. This day count is

referred to as the relative modified Julian day.

The entry point CNVDAT is called to perform the reverse function. It converts
a date of the form month/day/year to its corresponding relative modified Julian
date, Optionally, the month can be set to zero, and the day of the month is

assumed to be day of year instead.

2.2.4 Subroutine CONTIM

2.2.4.1 Functional Description

This routine is used to convert a time in milliseconds of day to hours-minutes-

seconds.
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2.2.4.2 Calling Sequence

CALL CONTIM (MILSEC, HOUR, HMIN, SECOND, TYPE)

Symbol Type Input/Output Description

MILSEC I*4 I milliseconds of day

HOUR I*2 O derived hours

HMIN I*2 O derived minutes

SECOND R*4 or I*2 0] derived seconds

ITYPE I*4 I optional parameter defining the

form of SECOND
ITYPE=0, floating point
ITYPE<O, halfword integers
2.2.4.3 Subprogram and COHM{A6H Cross-Reference
Calling Subroutines:
Called Subroutines: This routine calls no subprograms
COMMON Blocks Referenced: This routine uses no COMMON blocks.

2.2,4.4 Method

This routine is used to convert milliseconds into Hours/minufes/seconds, where
seconds may be eithér fI%ating point or fixed point with thousandths of seconds.
The form of the records is determined by the presence of fifth parameter in the
call list. If the parameter is negative, the seconds are stored in consecutive
halfwords as seconds and thousandths of seconds. Otherwise, seconds are

stored in full word floating point format.

2.2.5 Subroutine DRPMES

2.2.5.1 Functional Description
This routine is called for the purpose of message generating.
2.2.5.2 Calling Sequence

CALL DRPMES (DPROG, MESCOD, MESAGE)



Symbol - Type ' Input/Output Description

DPROG » R*8 I name of routine requesting the
message generation

MESCOD I*4 I message code

MESAGE I*4 I array containing information

related to the message
2.2.5.3 Subprogram and COMHON Cross-Reference
Calling Subroutines:
Called Subroutines: FTIME, ABEND
COMMON Block References: RUNDAT, INTERN, FERMSG
2.2,5.4 Method |

This routine is invoked by various routines in the data processing system for

writing informative messages concerning job status.

Each message has been assigned a numeric code which is passed through the
argument list along with information needed Wlﬁynwrige the message.
Additionally, the message written informs the user of the routine invoking

the subroutine call.

2.2.6 Subroutine DRSPT

2.2.6.1 Functional Description

This routine generates the Current Status Report at the end of each production
run.

2.2.6.2 Calling Sequencé

CALL DRSRPT (NCAT)

Symbol Type - Iﬁgut}duggut Description

NCAT I*4 ST pointer to latest tape catalog



2.2.6.3 Subprograms and C{ia0H Cross—I{eferences
Calling Subroutines:

Called Subroutines: CNVMJD,' CONTIM

COMMON Block References: DRSTAP, TAPLST, RUNDAT
2.2.6.4 Method

This routine is invoked at the end of -each production run to write the Current
Status Report. This report provideé information concerning all PHA and
RATES tapes generated' and/or éopiéd in the current run, the current status
of all tapes available to the Data Re’duci‘.ion System, and indicates the latest

catalog pointer value.

2.2.7 Subroutine EDRCAT (alias: EDREND, NEWCAT, ENDCAT)

2.2.7.1 Functional Description

This routine handles all data manipulation pertaining to the data reduction

system catalogs.
2.2,7.2 Calling Sequences

CALL EDRCAT (EN)

24

where N is an alternate return taken when the EDR tape is rejected because the
data is not in the necessary time-ordered sequence with previously-processed

data
CALL EDREND
CALL NEWCAT

CALL ENDCAT (NCMTAP)

Symbol Type Input/Qutput Description
NCMTAP I*4 I the CATALOG tape sequence
number

=0, no previous CATALOG tape
=1, previous CATALOG tape



2.2.7.3 Subprogram and COMMON"Ckross-}}(eference

Calling Subroutines: |

Called Subroutines: DAIO, FTIO, DRPMES, FMOVE, CNVMJD, CONTIM, IGET
COMMON Block References: LOGHIS, DRSTAP, RUNDAT, INTERN, LOGCAT
2.2.7.4 Method

The routine EDRCAT is invoked at the beginning of processing an EDR tape to
determine if the data contained in the tape %yin the propei time order and, if
data merging Tﬁxot specified, that no time overlap occurs. EDRCAT also sets
up a pointer to the location where the catalog entry to be created for the EDR

tape will be inserted into the File/Logistics/History catalog.

When Quick-look processing is specified, EDRCAT does not reference the
permanent File/Logistics/History catalog. All catalog entries created for the
current Quick-look run are processed on the temporary catalog and discarded

at the termination of the run.

When data merging gspecified, EDRCAT first determines whether the data to
be processed need&\“to be merged with previously-processed data. If no merge
is necessary, then the catalpg entries created for the current run are processed
in the same manner as Wherl data merging is not specified. That is, all entries
are inserted after the last catalog entry contained in the permanent File/
Logistics/History catalog and no reference is made to the temporary catalog
data set., When the data being processed needs to be merged with previously-
processed data, EDRCAT copies the permanent data set onto the temporary data
set until the iocation to insert the new catalog entry is determined. This pro-
cedure will continue on each subsequent entry to EDRCAT, and eventually the
new updated version of the File/ Logistics/ History catalog will reside on the

temporary catalog data set.

The entry point EDREND is invoked after the processing of an EDR tape. EDREND

inserts the catalog entry created for the EDR tape into its proper time-ordered



location in the File/Logistics/History catalog. EDREND also saves the absolute
file numbers assigned to the first and last catalog entries created in the current
run. These absolute file numbers are utilized by the entry point ENDCAT when

generating the File/Logistics/History Catalog Report.

The entry point NEWCAT is invoked when the value of the Tape Catalog Pointer

is overridden for a particulé.r production run by the value specified for NUMCAT,
which is supplied on the OPTION namelist cards. The purpose of this logic is to
restore the File/Logistics/History catalog from the appropriate backup CATALOG

tape before the processing of EDR tapes begins for the current production run.

The entry point ENDCAT is invoked after the processing of EDR tapes has been
completed. ENDCAT first determines if the last catalog entry processed by
EDREND was inserted with previously-processed data. If so, it proceeds to
finish the copying of the permanent catalog data set onto the temporary data set.
If the generation of the CATALOG tapes is specified, EDREND mounts the appro-
priate CATALOG tapes and writes the first file of informatioﬂ on them. Next,
the new updated version of the File/ Logistics/History catalog is re_ad and the
corresponding catalog report is generated. If the new version of the catalog
resides on the temporary data set, it is copied onto the permanent data set,

provided Quick-look processing was not requested.

The catalog entries created when Quick-look processing is specified are dis-
carded. Also, the new version of the catalog is written onto the CATALOG

tapes.

2.2.8 Subroutine EDRCHK
2.2.8.1 Functional Description

This routine provides logic to verify the integrity of the incoming telemetry

data.

2.2.8.2 Calling Sequence

¢

CALL EDRCHK (KPAD, HRATIO, ?N)



Symbol Type Input/Output . Description

KPAD I*4 6] contains a count of the number
of frames that are missing/
padded

HRATIO I*2 I number revealing the present
: PHA to RATES block ratio

N alternate return - (@] taken whenever a minor frame
is skipped after integrity testing
shows a negative result

2.2.8.3 Subprogram and Common Cross-references

Calling Subroutines: EXTRCT

Called Subroutines: DRPMES, TIMCHK, IGET, UPKSTA

COMMON Block References: DATREC LABEL, RECSTA, ITEMS, STATUS
2.2.8.4 Method

This subroutine is invoked from EXTRCT to guarantee the intégrity of the incoming ‘
minor frame data. Tests are performed to verify that all pertinent engineering
words have been read out from telemetry. If it is shown that the spacecraft ap-

|

pears to be in blackout mode, a test is made to check the present bit rate. If the

bit rate is not 8 BPS, the ﬂata are discarded.

Additional tests are made to verify that all data within the file are of the same

bit rate and format.

A call to the subroutine UPKSTA provides EDRCHK with information indicating
whether the frame is padded and if the quality of the data is in the acceptable

range.

A call is then made to TIMCHK to perform a series of time verification on the
data. An alternate return is made to the calling program whenever the minor
frame data fail any of the indicated tests. If all tests prove positive, a normal

return is made to the calling subroutine.



A

2.2.9 Subroutine EDRSUM (alias: EDRINT, FILINT)

2.2.9.1 Functional Description

This routine handles variable initialization at the beginning of EDR tape proces-
sing and new file processing. Additionally, it is called to generate the Data

Quality Summary Report.
2.2.9.2 Calling Sequences

CALL EDRSUM

‘CALL EDRINT

CALL FILINT

2.2.9.3 Subprogram and COMMON Cross-references
Calling Subfoutinés: HELDRP

Called Subroutines: CNVMJD, CONTIM, FMOVE

COMMON Block References: DRSTAP, ENGR, SEQID, ERATE, LABEL,
RECSTA, LOGHIS, INTERN, RUNDAT, ITEMS

2.2.9.4 Method

The subroutine EDRSUM is invoked for the purpose of generating the Data
Quality Summary Report for each EDR tape processed. The necessary totals
are computed from the related statistics counters in the COMMON area RECSTA.

The entry point EDRINT is called at the start of processing an EDR tape to

initialize the statistics counters to zero.

Additionally, the entry point FILINT is called at the start of each file of the EDR

tape to initialize variable pertinent to file processing. -



2.2.10 Subroutine ENGDAT

2.2.10.1 Functional Description

This routine handles the extraction of the engineering data from a telemetry

minor frame.

2.2, 10.2- Calling Sequence

CALL ENGDAT |

2.2.10.3 Subprogram and COMMON Cross-references

Calling Subroutines: RHTOUT, PHAOUT

Called Subroutines: IGET, FMOVE, DRPMES

COMMON Block References: bATREC, LABEL, STATUS, ENGR, ENGSW
2.2.,10.4 Method

ENGDAT is invoked by calling routines at the end of each page in formats 1,
2, 3, and at the end of each sequence in format 5. The engineering data
present at this point on the telemetry output are unpacked and stored.in the

COMMON area ENGR.

The engineering frame number is monitored to guarantee that the proper words

are being extracted and stored in the correct location.

2.2.11 Subroutine EXTRCT

2.2.11.1 Functional Description

This routine serves as the supervisor for all telemetry data extraction and

verification.
2.2.11.2 Calling Sequence

CALL EXTRCT (&N),
where N is an alternate return to the calling routine to be taken whenever no

acceptable minor frames were found in the input major frame.




2.2.11.3 Subprogram and COMMON Cross-reference
Calling Subroutines: HELDRP

Called Subroutines: PHAOUT, RATUPK, FMSYNC, PHAUPK, UPKXRY,
ALOG10, PTHIRD, LOG12, PKBLK, EDRCHK, RATOUT

COMMON Block References: DATREC, LABEL, RUNDAT, RECSTA, STATUS,
RBLOCK, PBLOCK, SEQID, ITEMS, PHANEW

2.2.11.4 Method

EXTRCT is invoked by its calling routine to extract, verify, and unpack telemetry
minor frame data in the incoming felemetry major frame. The physical record
read from the EDR tape is a major frame of data or 72 minor frames of data

(see Table )e

At the beginning of processing each file on the EDR tape, a series of calculations
i

are performed to generate the necessary object time dimensions needed by the

PHA processing routines. These calculations are necessary at the beginning of

each file because the values generated,are bit rate and format dependent.

The program logic then begins to extract each minor frame and examine it.
EDRCHK is called to verlfy data contmmty, data quality, pad, etc. If frame
verification from EDRCHK proves negative, the frame is rejected and the

next one extracted. If the data format is 5, the routine PKBLK is called to
generate the necessary 48-bit scientific data block. If the scientific data block
cannot be generated by PKBLK, the next minor frame is extracted and examined.
If EDRCHK discoverd a time gap between acceptable minor frames, a valuc is
returned in the variable KPAD, indicating the size of the gap in minor frames.

- If this value is not zero, then FMSYNC is called to maintain the PHA to RATE "

block ratio.

Once the data have been verified, they must then be identified as to type, RATES
or PHA. 'RATE data are stored on the EDR tapes as logarithmically-packed

Py



P

data (see Table ) A call to the subroutine LOG12 is necessary to unpack
the data. Once unpacked, the subroutine RATOUT is called to further process
the data and store it in its proper location in the output buffer. Additionally,
it is necessary to maintain certain information in COMMON areas, which is
vital to the RATOUT rou’t_ine in determining the output buffer location. This
information includes RATES data type (Sectored or unsectored), unsectored
sequence ID, and line number. These variables are described in more detail

in the sect_ion on RATOUT.

PHA data are unpacked via a call to PHAUPK. The data are stored in their
appropriate output buffer location by the PHAOUT routine. Their output buffer
location is determined by the unsectored sequence ID corresponding to the
associated RATES block. The number of PHA data blocks interspersed between
RATES blocks is a predetermined value (see Table De

If all minor frames in the major frame are rejected, the alternate return is
taken to the calling routine. If acceptable minor frames are a\fgilable, they

are all processed before control is returned to the calling routine.

2.2.12 Subroutine FMSYNC

2.2.12.1 Functional Description

4

This routine maintains the minor frame synchronization wherever data are

padded or rejected.
2.2.12.2 Calling Sequence

CALL FMSYNC (HRATIO)

Symbol Type Input/Output Description

HRATIO I*2 I ratio of PHA to RATES
2.2.12.3 Subprogram and COMMON Cross-reference

Calling Subroutines: EXTRCT



Called Subroutines: None

‘COMMON Block References: SEQID, RBLOCK, LABEL

2.2,12.4 Method

This routine is invoked by the calling program to maintain the minor frame

synchronization whenever minor frame gaps occur.

The logic determines the type of the missing frame by examining available
statistics. The present PHA block count is compared to the PHA to RATES
ratio. If the count is less than the ratio, it is assumed to be a PHA block
and the count is incremented. If the count is equal to the ratio, the count is
set to zero and the last unsectored sequence ID and line number is retrieved.

The line number is incremented using a module 16 adder. The unsectored

~ sequence ID is incremented using a module 8 adder only under the following

circumstances: (1) the ratio is zero (blackout mode) and the line number is

zero; or (2) the ratio is greater than zero and the line number is one.

2.2.13 Subroutine INDEXP

2.2.13.1 Functional Description

This routine calculates the index needed to store the PHA data in its proper

location in the output buffef.
2.2,12,2 Calling Sequence

CALL INDEXP (ID5432, ILINE, HPHA, HRATIO)

Symbol Type Ingut/ Ougguf; Description

IDSY32 I*4 I unsectored sequence ID
ILINE I*4 I line number

HPHA I*2 I PHA block count

HRATIO 2 I PHA to RATES block ratio



2.2.13.3 Subprogram and COMMON Cross-referencé
Calling Subroutines: PHAOUT

Called Supfoutine: None

COMMCN Block Referenced: None

2.2,13.4 Method

This function subroutine is invoked to calculate an index into the PHA record
output buffer. If the unsectored sequence ID, line number, PHA block count,
and PHA:RATES ratio are known in addition to the fact that there are three
halfwords per PHA entry, the following formula is applicable:

INDEX = [(MOD(USEQID, 2))*2+LINE #)* Ratio+PHA count -1] *3 + 1

2.2.14 Subroutine LOGDEC (alias: LOG10, LOG12) (assembler)

2.2.14.1 Functional Description
This routine decompresses the logarithmically-compressed rates.
2.2.14.2 Calling Sequence

CALL LOG10(HIN, IOUT)
CALL LOG12 (HIN, IOUT),;-,"

Symbol Type Input/Output Description

HIN I*2 I logarithmically-compressed
' ratio

I0UT I*4 | O decompressed rate

2.2.14.3 Subprogram and COMMON Cross-reference
Calling Subroutine: RATOUT
Called Subroutine: None -

COMMON Block Reference: None



2.2,14.4 Method

" The entry point LOG10 is called when the rate is a 10-bit compressed rate

(5-bit characteristic and 5-bit mantissa).

The entry point LOG12 is called when the rate is a 12-bit compressed rate

(5-bit characteristic and 7-bit mantissa).

The rates are decompressed by placing a 1 in the high order position of the
mantissa, left justifying it in a register, and shifting right the number of bits
specified in the characteristic .' The result is then shifted 8 bits to the right
to right justify it in the register. An uncertainty factor is then computed

using the following formulae:
12(18-N)_1) for 10-bit decompression
12(16-N)_1) for 12-bit decompression,
where N is the 5-bit characteristic.

This uncertainty factor is added to the result, and finally the result is lincre—

mented by one.

2.2.15 Subroutine PHACLR

’
”"

2.2.15.1 Functional Descfiption

This routine clears the COMMON area PHANEW for further processing.
2.2,15.2 Calling Sequence

CALL PHACIR (HFMT, MPNREC, JFDM)

Symbol Type Input/Output Description
HFMT I*2 I data format

MPNREC I*4 1/0 address of the start of the portion
- of the common area containing the
varying length PHA data

JFDM I*4 1 length (in words) of the PHA page



2._2. 15.3 Subprogram and COMMON Cross-reference
Calling Subroutine: PHAOUT

Called Subroutine: FMOVE

COMMON Block Reference: PHANEW

2.2.15.4 Method

This routine is invoked by the calling subprogram to clear the COMMON area
PHANEW, The data starting at the location MPNREC (MNULL is the same
address as MPNREC) is variable in length, and the number of bytes to be

cleared must be calculated from input variable IFDM.

2.2.16 Subroutine PHAOUT (alias: PHAEND) - FORTRAN

2.2.16.1 Functional Description.

This routine inserts PHA data and other pertinent information into their

proper location in the output buffer.
2.2.16.2 Calling Sequence

CALL PHAOUT (MPNREC, HPNREC, JFDM, JHDM, HRATIO)
CALL PHAEND '

13
4

Symbol Type Input/Output Description
MPNREC = I*4 1/0 address of the start of the PHA data
; : (full-word alignment)
HPNREC I*2 1I/0 address of the start of the PHA data
' (half-word alignment)
JFDM ‘ I*4 I number of fullwords per page
JHDM I*4 I number of halfwords per page

HRATIO I*2 I - PHA to RATES block ratio
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RATES Tape Logical Record Format

Displacement Type
) I*4
4 14
8 I*2

14 *2
12 I*4
16 I*4
20 *2
22 I*2
24 *2
26 I*2
28 *2
3¢ I*2
32 I*2
34 P %2
36

92 (136) I*4

Description

Time of day (MS) for first page
contained in record

Time of day (MS) for page which
is expected to immediately follow
the last page in this record

Day (RMJD) for first page contained
in record

Day (RMJD) for page which is ex-
pected to immediately follow the
last page in this record

Round Trip Light Time

Spacéci'aft Clock

Absolute File Number

Time Correction Flag

Ratio of PHA blocks to RATES blocks

Bit Rate (8, 16, 32, 64, 128, 256, 512,
1024, 2048, 4096).

Format 1, 2, 3, 5) ‘
Frame Counter Correction
Data Type

Data Quality

All the subcom data associated with the
first page of data contained in the record.
Refer to Tables 1 and 2 for a description
of the subcom data for the two format
groups.

All the rates data associated with the first
page of data contained in record. Each page
consists of 4 sets (2 sectorec. and 2 unsectored)
of 32 and 20 rates respectively, which are
uniquely identified by the corresponding rate
sequence ID's appearing in the associated set
of subcom data. The rates data associated
with each page appears in 104 consecutive
words, as follows:

1 - Sectored Rate (First Set)



Displacement

564 (652)

1036 (1168)

1508 (1684)

RATES Tape Logical Record Format (continued)

Type

Description

32 - Sectored Rate (First Set)
33 - Unsectored Rate (First Set)

52 - Unsectored Rate (First Set)
53 - Sectored Rate (Second Set)

.

84 - Sectored Rate (Second Set)
85 - Unsectored Rate (Second Set)

1#4 - Unsectored Rate (Second Set)

Refer to Table 3 to determine the
rates data associated with each un-
sectored and sectored rate sequence
IDI

All the subcom and Rates data for the
second page of data contained in the
record.

All the subcom and Rates data for the
third page of data contained in the
record.

All the subcom and Rates data for the
fourth page of data contained in the
record.

Note: The first displacement is for data transmitted in formats 1, 2, or 3. The second
displacement is for data transmitted in format 5.



Table 1. RATES Tape
(Subcom data for format group 1 - formats 1, 2, 3)

Displacement Type Description
g I*2 Spin Rate (in RPM)
2 I*2 HET (E7A) temperature
4 I*2 VLET1 (E7B1) temperature
6 I*2 VLET2 (E7B2) temperature
8 1*2 LET (E7C) temperature
10 I*2 detector mounting plate temp.
12 I*2 ' X-Ray detector temperature
14 I*2 thermal blanket support plate 1 temp.
16 ’ I*2 thermal blanket support plate 2 temp.
18 I*2 electronics temperature
240 I*2 base plate temperature
22 I*2 +12 v monitor
24 ' I*2 +6 v digital monitor
26 I*2 +6 v analog monitor
28 I*2 +7.75 v monitor
3d I*2 '+4.7 v monitor
32 I*2 base plate temperature (front)
34 o I*2 Power status (1=on, @=off)
36 \ " L*1 ‘ X~-Ray Window Clock
37 \ L*1 . X-Ray Window Data
38 L*1 Internal Calibrator A
39 L*1 Internal Calibrator B
a9 L*1 X-Ray high voltage
41 L*1 Sector synchronizer
42 L*1 Force blackout mode
43 L*1 X-Ray sector data mode
44 | I*2 X-Ray command reg.
46 I*2 X-Ray XEQ. reg.
48 I*2 Unsectored Rate Sequence ID

(First Set)



Displacement
50

52

54

(14 words)

Table 1.

Type

I*2

I*2

I*2

( continued)

Description

Sectored Rate Sequence ID
(First Set)

Unsectored Rate Sequence ID
(Second Set)

Sectored Rate Sequence ID
(Second Set)



Table 2. RATES Tape

(Subcom data for format group 2 - format 5)

Displacement Type Description
g -43 (same as Table 1) (same as Table 1)

44 - 87 (same as § - 43) (same as § - 43)
88 - 99 (same as 44 -54) (same as 44 - 54)

(25 words)



Unsectored

XX

Sectored

Table 3. (continued)

Rate

SR1B - A, BK, Cii (1-8)
SR2B - S S §1’1a'§iﬁ (1-8)
SR3B - Sl i é'ﬁaé'i’n (1-8)

SXRY - Sectored X-Ray (1-8)
R1

R2B - A1 BK2 Clll

R3B - A2 BK2 Cl

R4B - A1

R5B - A2

R6B - A1 A_.2 BCICH

R7B - A2 BK1 CI

RSB - A, BK, CI cII CIl

 R9B - SI SII I, SII

B1¢B - DI,

R11B - DIDII Z DF
R12B - DI Dm:DE3 F
R13B - DIDII Z DE, F

R14B - DII
R15B - SI_ ST ST Sm
2 a

R16B - SI SII_ ST s
2 " a

R17B - SII (VLET 1)
R18B - SI_ ST SO_ SIII
2 a

R19B - SI SII_ SO_ SI
2 a

R2§



Unsectored

XX

Sectored

g

Table 3. RATE Sequence ID

Rate

SR1A A1K2301 CIi (1-8)

SR2A SI, St ‘sﬁa ST (1-8)

SR3A SI, ﬁlﬁaéﬁ (1-8)

SXRY Sectored X-Ray (1-8)

Rl - (AK +ACD ch.
RzA - AA,BCHI

R3A - A,BCII

R4A - A,BK CICH

R5A - AZBKZCI cu CII
R6A - A A BCI |

R7A - AIKZBCI cH CIo
R8A - A,BK CICH

ROA - SISIISIL SII
R16A - DI

1

R11A - DIDO F
R12A -DIDI E. F

—

1

R13A-DIDOE_F

2

R14A - DI
R15A - SI_ SO SO SII
1 a

R16A - SI SII §ﬁa St

R17A - SI (VLET1)
R18A - SI_ SII §ﬁa sm

1

R19A - SISII_ ST SHI
1 a

R26

- USXR



Table 3. (continued)

Unsectored Sectored Rate -

XX 2 SRIC -DIDII F (1-8)
SR2C - SI7 S §1'1'a S (1-8)

SR3C - SI, §i sﬁa STl (1-8)

SXRY - Sectored X-Ray (1-8)
2 xx R1
R2A - R9A

R16C - DI3

R11A - R13A

R14C - E;
R15C - SI_ STI ST SHI
3 a

R16C - SISO_ ST S
3 a

R17C - sna (VLET 1)

R18C - SI. SII SO SmI

3 ca

R19C - SI SHI, SII_ SIII
3 a

R2f
xx 3 SR1D - DI DII E 1 F (1-8)
. | SR2D - Sl s snal SOI (1-8)
SR3D - 818 ST §T1aST1‘1
SXRY - Sectored X-Ray (1-8)
3 XX 'R1
'R2B - R9B
. R1#D - DI 4
R11B - R13B
R14D - F

R15D - SI, Sii ST S
4 a



Unsectored

Sectored

Table 3. (mntmued)

Rate
R16D - SISII, ST SI
_ 4 a
R17D - SHI (VLET 1)
R18D - SI, §'ﬁf§'ﬁa ST
R19D - SI 81, Sﬁaﬁﬁ

R2d
SR1A (1-8)
SR2E - SI sn5 sﬁanﬁ (1-8)

SR3E - SI St Sﬁa’ S (1-8)

SXRY - Sectored X-Ray (1-8)
R1 '
R2A - R9A

R1¢E - D15

R11A - R13A-
R14E - B

‘R15A - R16A

R17E - SI (VLET 2)
R18A - R19A

R2#

SR1B - (1-8)
SR2F - SI SII, §ﬁa Sm

SR3F - STSII6 §ﬁa sm

SXRY - Sectored X-Ray
R1
R2B - R9B

R16F - DI6

R11B - R13B
R14F - CI



Unsectored

Table 3.

Sectored

(continued)

Rate
R15B - R16 B
R17F - SII (VLET 2)
R18B - R19B
R2¢
SR1C (1-8)

SR2G - SISII_ SO Sim
7 Ta
snsc-s—lsn-7§ﬁasm-

SXRY - Sectored X-Ray
R1 |
R2A - R9A

R14G - DI7

R11A - R13A
R14G - CII

RI5C - R16C
R17G - S (VLET 2) 4'

R18C - R19C

R2¢4

SR1ID (1-8)

SR2H - SIsn_ SO ST
8 a

SR3H - SISO SO S
8 a

SXRY - Sectored X-Ray
R1

R2B - R9B

R1gH - DI8

R11B - R13B
R14H - CIII

R15D - R16D
R17H - SII (VLET 2)
R18D - R19D

R2¢



PHA Tape Logical Record Format /

Displacement Type Description
g I*4 Time of day (MS) for first page

contained in record

4 I*4 Time of day (MS) for page which
is expected to immediately f-llow
the last page in this record

8 I*2 Day (RMJD) for first page coniawned
: in record
14 I*2 Day (RMJD) for page which is ex-

pected to immediately follow the
last page in this record

12 I*4 Round Trip Light Time

16 I*4 Spacecraft Clock

24 I*2 Absolute File Number

22 *2 Time Correction Flag

24 I*2 Ratio of PHA blocks to RATES - lncks

26 *2 Bit Rate (8, 16, 32, 64, 128, Zht 512,
1024, 2048, 4096) ’

28 I*2 Format (1, 2, 3, 5)

3d I*2 Frame Counter Correction

32 i*2 Data Type

34 R Data Quality

36 ! All the subcom data associa witn th
first page of data contained iz rocor g
Refer to Tables 1 and 2 for ««  cription
of the subcom datu for the tv, it
groups.

84 (128) I*4 All the rates data as=: iate i1 the
first page of dita contained © - 1A
record. The rates  ta asso. .. d

with each page appeur in eight consec-
utive words, as follows:



Displacement Type Description
(1) HET RATE R1 - (A2K1 + A1CI)B CIII

(2) HET RATE R1 - (A2K1 + A1CI)B CIII
(3) HET RATE R2A - A1 A2 B CIII

(4) HET RATE R2B - A1 BK2 CIII

(5) HET RATE R3A - A2 B CII

(6) LET RATE R11A - Di DII &
(7) LET RATE R11B-DIDIIZDF

(8) Computed HET RATE R1 (R6B + R7TA +
R7B + R8A + R8B)

All rates which fail the trend check will be
indicated by a negative rate value. When-
ever a rate with a value of zers rails the
trend check, it will be set to the value
-21000000. Padded rates will be indicated
by the value -20000000.

*2 All the PHA data associated v ith the first
page of data contained in the PHA record.
Each PHA entry, comprised =t . HET and
LET event, has a-unique tirme . ssdciated

with it and appears in three cui.  :ttive
words, as follows:
O(MSB)evuvunerunnenn. o eeeenaes .31(LSB)
(1) HET -1 HET - 2

(2) HET - 3 LET - 1
(3) LET -2 LET - 3

Padded/missing PHA data is _idicated by

a negative one in the PHA entry. There is

a varying number of PHA readcuats per page
depending upon the PHA/RATFE bicck ratio:

At a ratio of 5:1, there are 160 PHA readouts;
at 3:1, there are 96 PHA reu.oui=; and at 1:1,
there are 32 PHA readouts. (See Table 3 for
the structure of a PHA readout.)



Displacement Type Description

D2 (D2 1) All the subcom, Rates, and
PHA data for the second page
of data contained in the record

D3(D31) All the subcom, Rates, and
~ PHA data for the third page of
data contained in the record

D 4 (D 41) , All the subcom, Rates, and PHA
data for the fourth page of data
contained in the record

Note: The first displacement is for data transmitted in formats 1, 2, or 3. The
record displacement is for data transmitted in format 5. Actual displace-

ments for page 2 - 4 are dependent upon bit rate and the PHA/RATES block

ratio.



Displacement

‘ (12 words)

Table 1. PHA Tape

(Subcom data for format group 1 - formats 1, 2, 3) '

Description
Spin Rate (in RPM)

HET (E7A) temperature

VLET1 (E7B1) temperature

VLET2 (E782) teraperature

LET (E7C) temperature

detector mounting plate temp.

X-Ray detector temperature

thermal blanket support plate 1 temp.

thermal blanket support plate 2 temp.

electronics temperature

base plate temperature
+12 v monitor

+6 v digital monitor

+6 v analog monitor

+7.75 v monitor

+4.7 v monitor

base plate temperature (front)
Power status (1 on, @-off)
X-Ray Window Clock
X-Ray Window Data
Internal Calibrator A
Internal Calibrator B
X-Ray high voltige

Sector =anchronie -
Force blackouw mmude
X-Ray sector datu mode

X-Ray command reg.

X-Ray XEQ. reg.

]



Displacement
0-43
44 - 87
88 - 91

(23 words)

Table 2. PHA Tape

(Subcom Data for format group 2 - format 5)

Type Description

same as 0 - 43, Table 1, for sequence 1
same as 0 - 43, Table 1, for seguence 2

same as 44 - 47, Table 1



Halfword 1
Halfword 2
Halfword 3

Where:

TT

Table 3. Helios PHA Events

METTAAAAAAAAAAAA
BBBBBBBBBBBBCCCC
CCCCCCCCRSSQPPN

M = 0, data is good
= 1, data is missing 1 padded
E =0, LET event

I

1, HET event

00, A1A2BCIII (HET)/DIDIIZ D-F (LET)
01, A2BCIHI (HET)/DIDII F (LET)

10, (A2K1 + A1CI) BCII (HET)/(No LET)
11, A1BK2CTIII (HET)/(No LET)

= 0, CII threshhold not exceeded HET only
=1, CII threshhold is exceeded

I

=
I

SSS = 0-7, sectors 0-7, respectively

Q = 0, PHA word 1 is the A amplitude
HET only
=1, PHA word 1 is the CIII amplitude

PP = 0-3 prigrities (HET)/0-1 priorities (LET)

N= 0, good event

= 1, null event



